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Box No. I Basis of the report 



□ international search (under Rules 12.3 and 23.1(b)) 

□ publication of the International application (under Rule 12.4) 

□ international preliminary examination (under Rules 55.2 and/br 55.3) 

2. With regard to the elements* of the international application, this report is based on (replacement she^t<; whinh 
have been furnished to the receiving Office in response to an invitation under Article U are mft?Lr^^^^ ^il 
report as "originally filed" and are not annexed to this report): unaer Article 14 are referred to in this 

Description, Pages 

as originally filed 

Claims, Numbers 

^ received on 06. 1 0.2006 with letter of 03. 1 0.2005 

Drawings, Sheets 

1 /1 7-1 7/1 7 as originally filed 



□ 



a sequence listing andA>r any related table(s) - see Supplemental Box Relating to Sequence Listing 



3. □ The amendments have resulted in the cancellation of: 

□ the description, pages 
■ □ the claims, Nos. 

□ the drawings, sheetsyfigs 

□ the sequence listing (specify): 

□ any table(s) related to sequence listing (specify): 



£h Int^hLTrf ^ • ®f ^blished^as if (some of) the amendments annexed to this report and listed below 
?uppte^^^^^^^^ ^""^'^^^^^ 9^ ''^y^"^ ^^-^osure as file5, as indicaTed in th^e 



□ the description, pages 

□ the claims, Nos. 

□ the drawings, sheets/figs 

□ the sequence listing |spec//y;: 

□ any table(s) related to sequence listing (specify): 



* If item 4 applies, some or all of these sheets may be marked "superseded. " 
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Box No, IV Lack of unity of invention ' — ' 

1 . □ In response to the Invitation to restrict or pay additional fees, the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

2. la This Authority found that the requirement of unity of invention is not complied with and chose accordinn tn 

Rule 68.1 . not to invite the applicant to restrict or pay additional fees. ' according to 

3. This Authority considers that the requirement of unity of invention in accordance with Rules 13.1 , 13.2 and 13.3 

□ complied with. 

la not complied with for the following reasons: 
see separate sheet 

4. Consequently, this report has been established in respect of the following parts of the international application: 
la all parts. 

□ the parts relating to claims Nos. . 

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive sten or inrinotrs^i 
applicability; citations and explanations supporting such statement 'nventive step o r industrial 

1. Statement 



Novelty (N) 


Yes: 


Claims 


1-9 




No: 


Claims 




Inventive step (IS) 


Yes: 


Claims 


1-9 




No: 


Claims 




Industrial applicability (lA) 


Yes: 


Clairns 


1-9 




No: 


Claims 





2. Citations and explanations (Rule 70.7): 
see separate sheet 
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Reference is made to thefoHowing d ocuments: 

D4: US-B1 -6 518 629 (KUSHIDA TOMOYOSHI ET AL) 1 1 February 2003 (2003- 

02- 11) 

D6: PATENT ABSTRACTS OF JAPAN vol. 1997, no. 03, 31 March 1997 (1997- 

03- 31) -& JP 08 316479 A (MITSUBISHI ELECTRIC CORP), 29 November 
1996 (1996-11-29) 



Re Item iV 

Lack of unity of invention 

1 . This Authority considers that there are 3 inventions covered by the claims indicated 
as follows: 



I: Claims 1 , 2 and 9, as depending on claim 1 , directed to an IGBT comprising an 
intemiediate region of a first semlconductivity type and a barrier region of a second 
conductivity type fomned within the intermediate region. 

II: Claims 3 and 9, as depending on claim 3, directed to an IGBT comprising an 
intemiediate region of a first semlconductivity type and a barrier region of the first 
semiconductivity type formed within the intemiediate region. 

Ill: Claims 4-8 and 9, as depending on one of claims 4-8, directed to an IGBT 
comprising an intermediate region of the first conductivity type and a plurality of barrier 
regions formed within the intermediate region. 

1.1 The reasons for which the inventions are not so linked as to form a single general 
inventive concept, as required by Rule 1 3. 1 PCT, are as follows: 

1.2 The common technical features between inventions I, II and III as disclosed above, 
are an IGBT comprising an intemnediate region of a first conductivity type and a bamer 
region fornied within the intermediate region. However, document D4 discloses (see 
D4, column 4, line 66 to column 5, line 13 and figure 7) an IGBT having a barrier layer 
formed in the intermediate region. Hence the common technical features between 
inventions I, li and III is not new and cannot be considered as a common inventive 
concept. 
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Re Item V 

Reasoned statement with regard to novelty, inventive step or Industrial 
applicability; citations and explanations supporting such statement 

2. The document D6 is regarded as the closest prior art to the subject-matter of claim 1 
and discloses (the references in parentheses applying to this document) an IGBT 
comprising an emitter electrode (45) , a top region of the second conductivity type (45) 
connected to the emitter electrode, a deep region of the second conductivity type (42), 
an Intermediate region of a first conductivity type (44) insulating the top region and the 
deep region, a collector region of the first conductivity type (41) connected to the deep 
region and being isolated from the intermediate region by the deep region, a collector 
electrode (52) connected to the collector region, a gate electrode (49) facing a portion 
of the intermediate region via an insulating layer (56), the intermediate region 
comprising a dense portion (91) directly connected to the emitter electrode. 

2.1 The subject-matter of claim 1 differs form the content of D6 In that the IGBT of 
claim 1 comprises a barrier region comprising a semiconductor region of the second 
conductivity type formed within the intermediate region, this barrier region being in 
contact with the dense region and separated from the deep region by the main portion. 
The subject-matter of claim 1 is therefore new (Article 33(2) PCT). 

2.2 The existence of the bamer region In contact with the dense portion, causes the 
accumulation of the minority earners In the intermediate region, which reduces the on- 
voltage of the IGBT. This Is neither disclosed nor suggested In the prior art, hence claim 
1 is considered as involving an Inventive step (Article 33(3) PCT). 

2.3 Claims 2 and 9, when depending on claims 1 or 2, are dependant on claim 1 and as 
such also meets the requirements of the PCT with respect to novelty and inventive 
step. 



3. Document D4 is regarded as being the closest prior art to the subject-matter of 
claims 3 and 4 and shows (the references in parentheses applying to this document, 
see in particular its figures 7 and 8) an IGBT comprising an emitter electrode (28), a top 
region of a second conductivity type (24) connected to the emitter electrode, a deep 
region of the second conductivity type (12), an intermediate region of a first conductivity 
type (18) connected to the emitter electrode and isolating the top region and the deep 
region, a collector region of the first conductivity type (10) connected to the deep region 
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and isolated from the intermediate region by the deep region, a collector electrode (30) 
connected to the collector region, a gate electrode (22) facing a portion of the 
intermediate region via an insulating layer (20), and a plurality of barrier regions (14) 
fornied within the intemiediate region. 

3.1 The subject-matter of claim 3 differs from the content of D4, in that in claim 3 the 
barrier region has the first conductivity type an has a higher concentration in impurities 
than the intemiediate region. The subject-matter of claim 3 is therefore new (Article 
33(2) PCT). 

3.2 The first conductivity type doping of the barrier region allows the discharge of the 
minority carriers via the barrier region, hence repressing the latch up effect, which could 
be caused by the flow of the minority carriers through the emitter. This is neither 
disclosed nor suggested by the prior art, hence claim 3 is considered as involving an 
inventive step (Article 33(3) PCT). 

3.3 Claim 9, when depending on claim 3, also meets as such the requirements of the 
PCT with respect to novelty and inventive step. 

3.4 The subject-matter of claim 4 differs from the content of D4, in that in claim 4 the 
plurality of barrier region within the intemiediate region are distributed along a direction 
extending between the top region and the deep region. The subject-matter of claim 4 is 
therefore new (Article 33(2) PCT). 

3.5 This characteristic allows the accumulation of minority carriers throughout the 
intenmediate region, then reducing the on-voltage and is neither disclosed nor 
suggested by the prior art, hence claim 4 is considered as involving an inventive step 
(Article 33(3) PCT). 

3.6 Claims 5-8 and claim 9, when depending on claim 4, depend on claim 4 and as 
such also meet the requirements of the PCT with respect to novelty and inventive step. 
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1. 



A semiconductor device of IGBT comprising: 



an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
electrode; 

a deep region of the second conductivity type; 

an intermediate region of a first conductivity type isolating the top 
region and the deep region; 

a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
deep region; 



a gate electrode facing a portion of the intermediate region via an 
insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 

a barrier region comprising a semiconductor region of the second 
20 conductivity type formed within the intermediate region. 



connected to the emitter electrode, and a main portion connected to the emitter 
electrode via the dense portion, 

wherein the barrier region is in contact with the dense portion, and is 
25 separated from the deep region by the main portion. 



15 



a collector electrode connected to the collector region; 



wherein the intermediate region comprises a dense portion directly 



2. 



A semiconductor device according to claim 1, 

wherein the barrier region further comprises an insulator 
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3. 



A semiconductor device of IGBT comprising: 
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an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
electrode; 

a deep region of the second conductivity type; 
5 an intermediate region of a first conductivity type connected to the 

emitter electrode, the intermediate region isolating the top region and the deep 
region; 

a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
10 deep region; 

a collector electrode connected to the collector region; 
a gate electrode facing a portion of the intermediate region via an 
insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 
^5 a barrier region comprising a semiconductor region of the first 

conductivity type formed within the intermediate region; 

wherein the barrier region has a higher concentration of impurities than 
the intermediate region, and the barrier region is formed along a boundary 
between the top region and the intermediate region, and is electrically connected 
20 to the emitter electrode. 

4. A semiconductor device of IGBT comprising: 
an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
25 electrode; 

a deep region of the second conductivity type; 

an intermediate region of a first conductivity type connected to the 
emitter electrode, the interm_ediate region isolating the top region and the deep 
region; 
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a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
deep region; 

a collector electrode connected to the collector region; 

a gate electrode facing a portion of the intermediate region via an 
insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 

a plurality of barrier regions formed within the intermediate region; 

wherein the barrier regions are distributed within the intermediate region 
along a direction extending between the top region and the deep region. 

5. A semiconductor device according to claims 4, 

wherein the intermediate region comprises a dense portion directly 
connected to the emitter electrode, and a main portion connected to the emitter 
electrode via the dense portion, 

wherein at least one of the barrier regions is formed in the vicinity of a 
boundary between the dense portion and the main portion, 

wherein at least the other of the barrier regions is the second 
conductivity type, is formed in the vicinity of a boundary between the main 
portion and the deep region, and is electrically disconnected from the emitter 
electrode and the deep region. 

6. A semiconductor device according to claims 4, 

wherein the intermediate region comprises a dense portion directly 
connected to the emitter electrode, and a main portion connected to the emitter 
electrode via the dense portion, 

wherein at least one of the barrier regions is formed in the vicinity of a 
boundary between the dense portion and the main portion. 
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wherein at least the other of the barrier regions is the second 
conductivity type, is formed at a boundary between the main portion and the 
deep region, and has a higher concentration of impurities than the deep region. 



wherein at least a portion of the barrier regions are located on a path 
along which carriers flow. 

8. A semiconductor device according to claims 7, 



10 wherein a plurality of pairs of barrier layer and intermediate layer is 

stacked. 

9. A semiconductor device according to any one of the preceding claims, 

wherein the thickness of the top region is less than the thickness of the 
1 S barrier region. 
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7. 



A semiconductor device according to claims 5 or 6, 
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